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SUMMARY

Multidrug resistant Tuberculosis (MDR-TB) is a growing global public health threat. Today MDR-
TB affects more than half a million people worldwide and is characterised with significant
morbidity and mortality. Over the last decade new rapid diagnostic methods like the GeneXpert,
and availability of new MDR-TB drug and the shorter treatment regimens hold promise of more
patients being diagnosed and put on treatment. Major challenges of lack of adequate resources,
poverty and limited access to healthcare remain continue to hamper efforts. This article reviews the
Epidemiology, Clinical Features, Management and Treatment, proving new updates and recent
changes in guidelines which offer patients better tolerated and shorter regimens for enabling better
therapeutic outcomes.
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Key points
1. Drug resistant TB is currently a threat to global health security, with an estimated 558,000 new
MDR/RR-TB infections in 2017 (160,684 notified cases), and 230,000 deaths.

2. Multi-drug-resistant tuberculosis (MDR-TB) is a lethal form of tuberculosis (TB) caused by
Mycobacterium tuberculosis strains which are resistant to rifampicin and isoniazid. It should be
suspected in patients living in high MDR-TB endemic areas or those who have had previous TB
treatment. New rapid molecular based diagnostic tests such as the GeneXpert MTB/Rif Assay can
provide results operationally within a day.

3. MDR-TB requires treatment with second-line drugs, usually four or more anti-TB drugs for a
period extending between 18-24 months. Under ideal program conditions, MDR-TB cure rates can
be above 70%. An all oral treatment regimen has been recently approved by WHO.

4. Patients not meeting the criteria for the WHO shorter regimen should receive the longer regimen.
5. Surgery for drug resistant TB remains an option when there is a lesion that is resectable together
with poor response, lack of drugs, intolerance to medications.

6. Pulmonary rehabilitation is useful for patients with reduced exercise performance and impaired
quality of life.

Definitions

Drug sensitive (susceptible) TB (DST): is defined as TB caused by Mycobacterium tuberculosis
sensitive to all first line TB drugs.



Rifampicin mono-resistant TB (RR-TB) is now managed as MDR-TB, since the WHO 2016
MDR-TB guidelines update.t

Isoniazid mono-resistant TB has been recently reviewed,? and guidance updated.®

Poly-resistant TB is defined as multiple resistances but not fulfilling the MDR-TB definition i.e.
resistance to isoniazid, streptomycin, ethambutol and pyrazinamide.

Multi drug resistant Tuberculosis (MDR-TB): is defined as TB resistant to rifampicin and
isoniazid.

Extensively drug resistant TB (XDR-TB): is defined as MDR-TB with additional resistance to a
fluoroquinolone and a second line injectable (capreomycin, amikacin, kanamycin).

Acquired drug resistant TB. Acquired drug resistance is the selection of mutant resistant
Mycobacterium tuberculosis strains due to inadequate, incomplete or poor-quality treatment or sub-
optimal patient compliance with quadruple therapy. Simultaneous natural mutations in
Mycobacterium tuberculosis resulting in resistance to more than one TB drug do occur but are very
rare.

Primary drug resistant TB. Patient is infected with a drug resistant strain of Mycobacterium
tuberculosis. The natural history of infection is similar to that of drug-susceptible TB.

Drug resistant TB was noted after the first clinical trial using streptomycin in monotherapy.* The
most common cause of drug resistance is through acquired drug resistance and predominantly by
adding a single active drug to a failing regimen.®

Latent Mycobacterium tuberculosis Infection (LTBI): LTBI is defined by the World Health
Organization (WHO) as ‘a state of persistent immune response to Mycobacterium tuberculosis
antigens with no evidence of clinically active TB disease’

Introduction, Background and Epidemiology

Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis. Tuberculosis
(TB) has plagued humankind for millennia. Today TB it is the most common cause of death from
an infectious disease and the 9" cause of death globally.® The WHO annual TB report (2018)
estimated that 10 million people (3.2 million women and 1 million children) developed TB.
Tuberculosis caused 1.3 million deaths in non-HIV infected and an additional 300,000 HIV-positive
people.® Tuberculosis caused by Mycobacterium tuberculosis strains resistant to TB drugs is harder
to treat than those infected with drug-susceptible strains.

Tuberculosis frequently affects adults in the prime of their productive life and makes an enormous
impact on the poor or socially disadvantaged, costing the global economy 617 billion USD from
2000-2015 with this number set to rise to 983 billion from 2015-30. These figures are even more
significant when taking into account that the majority of highest incidence countries are developing
economies.’

Drug resistant TB is a new threat, globally, 3.8% of all new cases have MDR-TB and it is now
estimated that there were 558,000 new MDR/RR-TB infections (160,684 notified cases), and
230,000 deaths. Europe has the highest proportion of drug resistant cases with 17% of all new cases
of TB being MDR-/RR-TB. Of concern the number of MDR-TB cases increase year on year.b A
recent model calculation has estimated that a third of Tuberculosis cases in Russia will be drug
resistant by 2040 (ref).5® Drug resistant cases threatens to replace susceptible cases and
delay/hamper TB elimination, hence it constitutes a considerable challenge to health programmes.



Clinical presentation

Drug resistant TB presents in the same way as drug susceptible TB, and currently is less likely to
occur through primary transmission because of the low prevalence of drug resistant cases.
Pulmonary TB is the most common presentation of DR-TB cases and in cases with HIV or other
causes of immunosuppression features of extra-pulmonary TB may be present. There are factors
which make resistance more probable. Prior TB treatment increases the risk of drug resistant TB,
alcoholism, homelessness increases the likelihood of resistance, as well as being a contact with a
patient with active drug resistant TB. Drug resistant TB should be suspected in patients who are not
responding to treatment and are not smear and culture converting after two months of adhering to
standard quadruple TB drugs.

Patients will give a history of chronic cough, and non-specific constitutional symptoms of anorexia,
lethargy and fever. Over time the cough becomes productive with purulent sputum, sometimes
blood stained (hemoptysis), pleuritic chest pain and breathlessness. As the disease progresses there
is worsening breathlessness, night sweats, weight loss, and general wasting such that the patient
feels tired, sleepy and unable to perform a day’s work.

Diagnosis of Drug resistant TB

Early and accurate diagnosis of TB and MDR-TB is important for successful treatment outcomes.
The gold standard for making a specific diagnosis of TB is by identifying the presence of
Mycobacterium tuberculosis from a clinical sample (which can be sputum, pleural fluid, urine, pus,
cerebrospinal fluid, bone marrow, biopsies or excised tissue). Imaging can help localize sites of
disease and associated pathology and allows for imaging guided aspiration of lesion, abscess or
biopsy of tissue for microbiological and molecular examination. The choice of the optimal
microbiological or molecular diagnostic method for TB diagnosis is dependent on clinical context,
available laboratory capacity and resources.!

Culture-based methods: Culture of clinical specimens for Mtb is a diagnostic method for the
diagnosis of active TB with a sensitivity of 65% and specificity of 100%. Traditionally solid
Lowenstein-Jensen culture medium has been replaced by automated liquid culture systems using the
(limit of detection of ~10 organisms per ml) based on modified Middlebrook 7H9 Broth with an
oxygen-sensitive fluorescent detection technology, the system scans for increased fluorescence
(reflecting presence of viable mycobacteria) every 60 minutes—Liquid culture-is now recommended
by the WHO as the gold standard confirmatory test for TB (WHO 2017),%% however though it is
more sensitive than solid media culture, it is more expensive and complex, with contamination being
a technical challenge. Once TB is isolated, phenotypic drug susceptibility tests (DSTs) and
genotyping for further molecular epidemiology studies can be performed.!! The disadvantage of
culture methods is the time needed for the growth of mycobacteria. Liquid cultures require at least 9-
10 days for positive results and six weeks for being considered negative.*°

Molecular based methods: The World Health Organization guidelines,! have simplified diagnosing
MDR-TB by the programmatic roll out of TB-PCR testing, mainly with the Cepheid GeneXpert
MTB/Rif Assay ®,213 and to a lesser extent by Hain line probe assay and other molecular
methods.'* Culture based methods remain the gold standard to determine drug resistance however
these may be replaced in the future by whole genome sequencing.*®

The GeneXpert® MTB/RIF assay: the WHO has recommended the GeneXpert® MTB/RIF assay
(Cepheid Inc, Sunnyvale, USA) as a rapid, near-point of care test for detecting Mtb and also
rifampicin resistance simultaneously for patients with pulmonary TB.® This test is a nested PCR
assay for amplifying Mtb DNA and part of the rpoB gene encoding rifampicin resistance.!® This
assay now updated with the RIF/Ultra cartridge can give a result in under 2 hours, and operationally
in hospitals and TB clinics within 24 hours. The GeneXpert® MTB/RIF assay and AFB sputum
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smear microscopy have the same specificity but sensitivity of GeneXpert is much higher than AFB
smear microscopy on sputum. A single Xpert MTB/RIF test directly on sputum detects 99% of
smear-positive patients and 80% of patients with smear-negative disease. Mean time to detection is
less than 1 day for Xpert MTB/RIF, 1 day for microscopy, 17 days for liquid culture and more than
30 days for solid culture.'® In HIV-infected individuals, the Xpert increases case detection of TB by
45% compared with microscopy in HIV-infected individuals. It facilitates earlier diagnosis and
reduces time-to initiation of TB treatment. The timeliness of detection of rifampicin resistance in
adults and children living with HIV using Gene Xpert MTB/RIF may facilitate timely initiation of
MDR-TB treatment.

Management of DR-TB

The management of drug resistant TB requires the use of several drugs in combination, the
currently available, new and repurposed drugs are shown in Table 1,* and discussed separately
elsewhere.®?° This section will focus on the WHO guidelines for the management of MDR-TB
which have been based on a recent individual patient data-metanalysis of 12,030 patients, which
demonstrated better outcomes with linezolid, fluoroquinolones, bedaquiline, clofazimine and the B-
lactamase inhibitor/carbapenems and worse tolerability and outcomes with prothionamide and
second line injectables.?

WHO guidelines for MDR-TB management

The current guidance on the management of MDR-TB is embodied in the following WHO
publications in 2011, with an update in 2016 and a recent one in 2018 (ref).:16:18

The 2011 WHO MDR-TB guidelines

In 2011 anti-TB drugs were classified into five groups: Group 1 drugs included the first-line oral
drugs (rifampicin, isoniazid, ethambutol and pyrazinamide, Group 2 the injectable second-line
drugs (amikacin, kanamycin, capreomycin plus streptomycin with the latter considered as first-line
but also an injectable and grouped accordingly), Group 3 the fluoroquinolones, Group 4 the second-
line old bacteriostatic drugs (ethionamide/prothionamide, PAS, cycloserine/terizidone) and Group 5
the new or repurposed drugs at the time considered of unclear efficacy.'® Group 5 comprised several
drugs like linezolid, carbapenems, clofazimine which were ‘promoted’ to a higher rank in future
adaptations of the WHO guidelines (ref).:8

The WHO 2011 guidelines were focusing on culture and drug susceptibility testing as well as on
rapid molecular diagnostic methods.'® The recommended regimen included pyrazinamide, one
fluoroquinolone, a second-line injectable drug (to be administered for the duration of the intensive
phase), ethionamide or prothionamide and either cycloserine or PAS. The total duration was 20
months or more, with an intensive phase of 8 months. They also recommended early initiation of
antiretroviral treatment in HIV-positive individuals.®

The 2016 WHO MDR-TB guidelines

The 2016 WHO guidelines,! re-organized the classification of anti-TB drugs in Group A, B, C and
D, based on their safety and efficacy. Group A drugs included the fluoroguinolones, Group B the
second-line injectables and the Group C the other core second-line agents (ethionamide/
prothionamide; cycloserine/ terizidone plus linezolid and clofazimine). Group D (the add-on agents)
was subdivided in three subgroups: Group D1 included pyrazinamide, ethambutol and high-dose
isoniazid (this very important in the shorter regimen); Group D2 bedaquiline and delamanid and
Group D3 PAS and the carbapenems (imipenem and meropenem to be used with clavulanic acid to
protect from beta-lactamase action).

The new recommendations of these guidelines were, in addition to the reclassification of the anti-
TB drugs, included the following: the introduction of the WHO shorter regimen, a new
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recommendation for treatment in children based on paediatric individual meta-analytic data and a
new recommendation on partial lung resection surgery.

A regimen was recommended to include at least 5 effective medicines during the intensive phase of
treatment, including pyrazinamide and four core second-line TB drugs, one from Group A, 1 from
Group D2 and- if necessary one or more agents from Group D3 to reach a total of five.

The WHO shorter regimen

This regimen was known previously as the ‘Bangladesh regimen’. The original Bangladesh study,??
(ref) achieved a relapse-free cure of 87.9% among 206 patients with infrequent and manageable
adverse events. The regimen recommended by WHO was the same, the only difference being the
use of moxifloxacin to replace gatifloxacin (ref).!

The 9 to 12 months standardized WHO shorter regimen is composed of 4-6 months of kanamycin or
amikacin, moxifloxacin, prothionamide or ethionamide, clofazimine, pyrazinamide, high dose
isoniazid and ethambutol followed by 5 months of moxifloxacin, clofazimine, pyrazinamide and
ethambutol.

Importantly, no modifications were considered possible out of the drugs mentioned above due to
lack of evidence. The recommendation applied to adults, children, and people living with HIV.
The indication was for patients with rifampicin-resistant TB or MDR-TB, who have not been
previously treated with second-line drugs and in whom resistance to fluoroquinolones and second-
line injectable agents has been excluded or considered highly unlikely.

The guidelines suggested the following check-list to define eligibility. If any of the following
questions have a ‘yes’ answer, the case was not considered eligible for the WHO shorter regimen:

- Confirmed resistance or suspected ineffectiveness to a medicine in the shorter MDR-TB regimen
(except isoniazid resistance)?

- Exposure to >1 second-line medicine in the shorter MDR-TB regimen for >1 month?

- Intolerance to >1 medicine in the shorter MDR-TB regimen or risk of toxicity (e.g. drug-drug
interactions)?

- Pregnancy?

- Extrapulmonary disease?

- At least one medicine in the shorter MDR-TB regimen unavailable?

The clear advantages of the WHO shorter regimen included lower costs (<US$1,000 in drug costs
per patient) and improved adherence due to the shorter duration.

WHO strongly recommended monitoring for effectiveness, relapse, and harms through the active
TB drug safety monitoring and management (aDSM) project.

Although initial observational studies achieved better outcomes in patients treated with the shorter
regimen in comparison with the longer regimen (e.g. the regimen designed as per WHO guidelines
in force) and treatment success rates exceeding 90% in Bangladesh, Cameroon and Niger (ref),® a
controlled clinical trial (STREAM trial) was conducted to assess comparatively efficacy and safety
of the two regimens.

The preliminary and final results of the STREAM trial (ref),2#2% showed a success rate of 78.1%
with the shorter regimen and 80.6% with the longer one. Moreover, the short regimen used in
STREAM was noninferior to the WHO long regimen at primary efficacy outcome and similar to the
long regimen in terms of safety even though the shorter regimen yielded more severe adverse events
(grade 3-5), mortality (particularly among HIV co-infected patients) and QT prolongation
exceeding 500 msec.?®

Considerations on the WHO shorter regimen

Using rapid molecular line probe tests, it is possible to identify, as discussed in a specific paragraph
of this review, the genes usually associated with resistance to isoniazid. In the presence of inhA
alone isoniazid is considered effective at normal doses, but resistance to ethionamide and
prothionamide is usually present. In the presence of katG alone high dose isoniazid usually is
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effective against the majority of M. tuberculosis strains (2 out of 99 strains had ‘intermediate
resistance to isoniazid) (ref).?® In case both inhA and katG are present high-dose isoniazid is
considered ineffective (ref).2"?® As also resistance to ethionamide and protionamide will be present,
the shorter regimen cannot be used (ref). 2"?®

A scientific debate took place on the interpretation of the WHO recommendations, the more
controversial points being the eligibility (or not) in settings where MDR-TB is common and the
eligibility of the cases harbouring strains of M. tuberculosis resistant to ethambutol (and
pyrazinamide), considering the unreliability of drug susceptibility testing for these drugs. In Europe,
where drug susceptibility testing to ethambutol is considered reliable, ECDC recommended to
consider this and exclusion criterion for the shorter regimen (ref).2"29-33

The recently published European Union Standards for TB care confirmed this position (ref).**

As resistance to fluoroquinolones and or injectables is a clear contra-indication, in settings like
former Soviet Union countries where the prevalence of resistance to these drugs ranges between 30
and 425%) the proportion of patients able to benefit from this regimen is very small (10 to 30%)
(ref).273L

Based on these arguments, a recent modelling study estimated that the impact of the shorter regimen
on the MDR-TB epidemic will be minor (ref).3>3¢

As we shall see, the 2018 new WHO MDR-TB guideline have recently recommended a shift
towards oral MDR-TB regimens, thus adding an element of uncertainty to the future of the shorter
regimen. Furthermore, the future possibility of the use of a ‘universal regimen’ will eventually open
additional perspectives (ref).*’

The 2018 WHO MDR-TB guideline

At the moment of writing the present document only the pre-final version of this guideline was
published by WHO (ref).

The new guideline, based on the evidence from the second global MDR-TB individual data meta-
analysis published in 2018 (ref),14 made the historical shift towards a full-oral treatment of MDR-
TB.

In the new classification Group A drugs include fluoroquinolones, bedaquiline and linezolid, while
Group B drugs (add-on) clofazimine and cycloserine or terizidone. Group C drugs include the
remaining drugs (ethambutol, delamanid, pyrazinamide, carbapenems, amikacin,
ethionamide/prothionamide and PAS). Importantly, while bedaquiline, linezolid and clofazimine
have been further promoted, the injectables have been downgraded because of their toxicity,
possible lack of efficacy and worse outcomes, only amikacin is still recommended as it was found
to have moderate activity (ref).2

The new approach is to use, if possible, all Group A drugs and then from Group B (and if necessary,
from Group C) so as to include a sufficient number of active drugs, >4 active drugs.

The recommended regimen would include at least four agents likely to be effective in the first 6
months and three drugs in the continuation phase of treatment for a total duration of about 18-20
months, depending on the patient’s response.

The recommendations for the shorter regimen’s eligibility has been slightly modified: ‘in
MDR/RR-TB patients who have not been previously treated for more than one month with second-
line medicines used in the shorter MDR regimen or in whom resistance to fluoroquinolones and
second-line injectable agents has been excluded, a shorter MDR-TB regimen of 9-12 months may
be used instead of the longer regimens’.

The main differences in comparison with the previous guidelines are the clear need for testing and
excluding resistance to fluoroquinolones and injectables (the previous wording was
‘resistance...considered highly unlikely’) and the less evident priority assigned to the shorter
regimen in view of the STREAM Trial results (ref).18.%

Other management considerations:



Diabetes

We are currently living in an era of a diabetic epidemic, and there has some overlap between
diabetes and tuberculosis, with diabetic patients having a 2-3 times higher risk of developing
tuberculosis (ref).*® Diabetic TB patients have been found to generally have greater symptom
severity and delayed sputum culture conversion (ref) 3 and a recent meta-analysis demonstrated an
association also with MDR-TB (ref).*%#! Diabetic patients should therefore be screened for TB and
should be offered preventive therapy, they should also be risk assessed for MDR-TB. Given delays
in gastric emptying absorption of TB drugs may be affected, therapeutic drug monitoring may help
ensure adequate levels (ref).%?

Elderly

Elderly patients with multidrug resistant TB tend to have more extensive disease and higher rates of
adverse events to therapy, accompanied with worse outcomes and a higher mortality rate, this is
perhaps due to a senescent immune system, presence of comorbidities and drug-drug interactions, a
higher suspicion in this cohort is required to avoid transmission of TB in health facilities, elderly
care homes and to anticipate the time of diagnosis in order to reduce transmission and improve
outcomes (ref).*34

LTBI prophylaxis and MDR-TB

To date only observational evidence around the effectiveness of treatment in programmatic settings
are available, a recent meta-analysis of 5 studies suggests that treatment of MDR LTBI is effective.
We however are impatiently awaiting results of the first three Randomised Control Trials for
preventive therapy in contacts of MDR-TB patients for definitive answers regarding composition of
regimen and duration (ref).4®

Surgery and MDR-TB

MDR and XDR-TB patients despite the new drugs remains challenging, thoracic surgery though
controversial, similar to the pre-antibiotic era, continues to remain an option where few options
exist. Surgery can act as a therapeutic tool in improving outcomes and obtaining cure especially
when indicated (localised disease) and when there are few available drugs, especially in the
continuation phase (ref).4"48

Pulmonary rehabilitation

Patients undergoing surgery will most certainly need pulmonary rehabilitation (ref).48

Recent evidence suggests that MDR-TB patients, due to extensive disease and long treatment
frequently are left with pulmonary sequelae such as obstruction and/or restriction, resulting in
reduced oxygen saturation, reduced exercise performance and impairment of quality of life (ref).4%
Pulmonary rehabilitation seems to be effective in these cases (ref).%!

Drug toxicities: Delamanid and Bedaquiline in combination

Combination of delamanid and bedaquiline did not appear to potentiate cardiotoxicity in a pooled
analysis of 87 patients, (ref)*>2 however clinical trials will need to demonstrate the long-term
safety of this pairing, and their unlicensed combined use at present time can only be considered
(with adequate monitoring) in patients with no other option (ref).>

Central Nervous System MDR-TB

Multidrug resistant central nervous system TB is extremely challenging to treat and is faced with a
higher risk of chronic sequelae and poor clinical outcomes (ref).>* Unfortunately, the blood barrier
penetration of the TB drugs overall is not very good, the drugs which have demonstrated the best
brain penetration are pyrazinamide, moxifloxacin, levofloxacin, linezolid, prothionamide and
cycloserine (ref).>* The new drugs delamanid and bedaquiline being highly protein bound are
unlikely to be very efficacious against CNS disease, a recent case report has demonstrated that no
bedaquiline was found in a patient’s cerebrospinal fluid (ref).>®

Programmatic management of multidrug-resistant tuberculosis (MDR-TB)



The End TB Strategy includes management of MDR-TB as one of the core clinical and public
health priorities (ref).®°%°" Furthermore, MDR-TB prevention and control is one of the core
activities recommended by WHO to pursue TB Elimination (ref).%®
In a 2016 review, (ref) ° priority actions have been recommended to impact the MDR-/XDR-TB
epidemic, including as follows:

1. Prevent development of MDR-TB thorough high-quality treatment of drug- susceptible TB;

2. Expand rapid testing and detection of drug-resistant TB;

3. Provide immediate access to effective treatment and proper care;

4. Prevent transmission through infection control;

5. Increase political commitment and financing. Ensuring adequate diagnosis, treatment, and

management for drug-susceptible TB.

1. Prevent development of MDR-TB thorough high-quality treatment of drug- susceptible TB.

The strategic approach

An important modelling study, (ref) %5°° suggested that cure rates of drug susceptible cases
exceeding 80% can control the MDR-TB epidemic given that rapid diagnosis of new cases is
ensured, thus supporting the priority of adequately treating new cases over focusing on failures’
management.

The easy principle, in theory, is to limit the ‘creation’ of new MDR-TB strains of Mycobacterium
tuberculosis by ensuring high cure rate of new cases, when they are drug-susceptible (see Table 2:
Interventions to prevent drug-resistant TB). The standard regimen for new cases (including 2
months with isoniazid, rifampicin, ethambutol and pyrazinamide followed by 4 months with
isoniazid and rifampicin) if administered with adequate treatment supervision can achieve a success
rate exceeding 95% at the programmatic level (ref).2® The positive effect of this approach is also to
break the chain of transmission, thus contributing to a decline of the overall TB incidence. This
approach needs to be complemented with the sterilisation of the existing pool of MDR-/XDR-TB
cases, to alleviate individual suffering as well as to prevent further transmission of resistant strains
(ref).?85%° This is possible by improving case detection and cure rates, according to the principles of
the Ed TB Strategy (ref).%°

Outcome of MDR- and XDR-TB cases

However, managing MDR and XDR-TB is difficult, particularly when the M. tuberculosis strain
has a pattern of resistance beyond rifampicin and isoniazid, the drugs defining MDR-TB (ref).
21,58,61,62

Globally, according to the WHO report, the treatment success of RR/MDR-TB cases increased from
50% in the 2012 cohort to 55% in the 2015 one (ref).® A sub-analysis of the first large individual-
data meta-analysis coordinated by the McGill University found that while treatment success was
higher in MDR-TB cases (65%), in XDR-TB cases it was as low as 40%, and in patients harbouring
strains of M. tuberculosis with resistances beyond XDR it was below 20% (a result worse than that
observed in the pre-antibiotic era) (ref).536465

Interestingly, the treatment success rates described in the second individual-data meta-analysis for
MDR-TB cases was higher (ref),?! reflecting the more consistent use of linezolid and of new or
repurposed drugs in recent cohorts.

This second large study included 12,030 patients from 50 cohorts enrolled in 25 countries. It
reported that 7,346 achieved treatment success (61%), 1,017 failed or relapsed (8%) and 1,729
(14%) died. Treatment success was, in fact associated with prescription of linezolid, new generation
fluoroquinolones (moxifloxacin, levofloxacin), carbapenems, clofazimine and bedaquiline. In the
same study reduced mortality was associated with the use of linezolid, new fluoroquinolones and
bedaquiline (ref).?



Evidence from South Africa confirmed improved outcomes and reduced mortality when
bedaquiline was used (ref),®%57 thus accelerating the movement towards the use full-oral regimens
(ref).1®

How to improve the clinical management of MDR- and XDR-TB cases?

The clinical management of these cases is really complex, often requiring a multi-disciplinary
approach (ref).%8° According to WHO an important proportion of cases reports severe adverse
events, 17.2% attributed to linezolid. 14.3% to PAS, 10.3% to amikacin, 9.5% to ethionamide/
prothionamide and 7.8% to cycloserine/ terizidone, just mentioning some of the drugs
recommended by WHO (ref).18

Therefore, a multi-disciplinary team approach has been recommended to manage these cases, in
several countries known as TB Consilium (ref).®® The idea is that a team including differing and
complementary expertise (adult physicians and paediatricians; public health specialists;
microbiologists; pharmacologists; surgeons, etc) has better chances to identify the best possible
regimen and ensure adequate clinical monitoring and management of adverse events than a single
clinician alone (ref).%° A recent publication described, for some of the known examples of TB
Consilia, including pro- and contras of different approaches and experiences. While some of them
are internet-based and provide real time answers, others still rely on physical meetings or periodic
tele- or video-conferences (ref).69 From a programmatic perspective, each national programme
needs ideally to develop a system, tailored to the country-specific needs, able to ensure that at least
the more complicated cases (e.g. XDR-TB, cases with severe co-morbidities, adverse events and/or
needing bedaquiline and delamanid) are discussed in a TB Consilium-like body.

For cases which have particular problems, for which specific expertise is not available in the
country/centre or in cases for whom a second opinion can be beneficial, a supra-national TB
Consilium may be useful. In 2018 a clinical advisory service, promoted by the Global TB Network
(GTN) called Global TB Consilium has been implemented hosted by WAIdid, the World
Association for Infectious Diseases and Immunological Disorders (see WAIdid website —Global
TB Consilium page: http://www.waidid.org/site/clinicalintro).

In short, the new service provides free clinical advice within 48 hours, through a team of global
renown experts recently selected based on very strict criteria (ref).®® The service currently operates
in English, Russian, Spanish and Portuguese (ref).®°

2. Expanding rapid testing and detection of drug-resistant TB

Under the first Pillar of the End TB Strategy the principle that early diagnosis and universal DST
(drug susceptibility testing) are necessary is clearly underlined. Resistance to isoniazid and
rifampicin can be detected using phenotypic methods on solid culture or liquid-based culture
techniques. The main limitation of this approach is that they require long time (2 to 3 weeks
minimum) as well as technical capacity and adequate infection control measures (ref).56,70-74

Fortunately, today new rapid molecular methods based on automated nucleic acid amplification are
available to detect Mycobacterium tuberculosis and the mutations usually determining rifampicin-
resistance. These techniques have several advantages, including rapid turn-around time and lower
needs for biosafety/infection control and technical skills of laboratory staff, thus representing a step
ahead towards the use of a point-of care test.

Xpert MTB/RIF (Cepheid, Sunnyvale, CA, USA) and its new evolution, the Xpert MTB/RIF Ultra

assay, both recommended by the WHO, allow rapid diagnosis of rifampicin-resistance (<2 hours),
considered a reliable proxy of MDR.
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The test, operating in a closed system (the cartridge) is safe, automated, prevents further
contamination of the sample and is easy to manage.

Another group of rapid tests (also recommended by WHO) have been developed to detect genetic
mutations associated with resistance to fluoroquinolones and injectables, the drugs presently
defining XDR-TB.

Although enormous progress has been achieved in scaling-up the use of new rapid diagnostic
methods, ”® still an important proportion of MDR-TB cases have no access to these services (ref),®
ideally tests should be tiered at point of care, this can then be confirmed at a dedicated centre, if
confirmed samples are sent to a reference laboratory for drug susceptibility testing.

3. Provide immediate access to effective treatment and proper care
Furthermore, an important proportion of diagnosed cases has no access to adequate treatment, or the
access is delayed due to the difficult to procure, distribute and manage new drugs (ref).
Finally, after more than 40 years of silence two new drugs, bedaquiline and delamanid have been
approved by the USA and the European regulatory authorities for the treatment of multidrug
resistant Tuberculosis in 2012 and 2013, respectively, (ref).%576.77
Fortunately, evidence is accumulating on the efficacy and safety of these drugs (ref).”® Although
caution (justifying ECG monitoring) is necessary, new evidence is accumulating showing the 2
drugs are, in general, well tolerated (ref)”®! and even their co-administration seems to be safer than
previously thought (ref).”®8285 New evidence is also accumulating on some of the re-purposed
drugs like linezolid (now largely used and “promoted’ in Group A by WHO)(ref),'88¢# clofazimine
(ref)® and carbapenems (ref).8%-9
Importantly, adequate surveillance of adverse events needs to be in place, particularly for the new
and re-purposed drugs. The WHO, in fact, advocates for the aDSM approach (active Drug
Surveillance Monitoring) (ref).%?
The new challenges are represented by the possibility to offer universal access and social protection
to the patients in needs, while ensuring free of charge availability of quality drugs to the highest
proportion of cases possible, as well as optimising the clinical capacity to offer rapid diagnosis and
quality treatment.

4. Prevention of transmission through infection control
The importance of infection control within the vision of breaking the chain of transmission is
clearl)é §3tressed by the WHO End TB Strategy (and by the WHO Policy on Infection Control
(ref).%
In Europe a survey conducted in 5 references centres and aimed at evaluating how MDR-TB cases
were managed, found some drawbacks in the area of infection control (lack of negative pressure
ventilation rooms and drawbacks in availability of infection control plans) (ref).%*% A new audit
performed in 2017 found improvement on this aspect (ref).®’
Recently the WHO, Regional Office for Europe, published a policy document useful to improve
infection control in Europe (ref).%%
Although focused on the traditional managerial activities, administrative controls, and
environmental controls, the new policy document supports the FAST approach, defined as ‘Find
cases Actively by cough surveillance and rapid molecular sputum testing, separate safely and Treat
effectively based on rapid DST), which gave excellent results in several countries including the
Russian Federation. The document also reviews the available evidence on: 1) how TB
infectiousness evolves in response to effective treatment (and which factors can lower or boost
infectiousness); 2) presents policy options on the infectiousness of TB patients relevant to the WHO
European Region; 3) defines the limitations in the available evidence and 4) provides
recommendations for further research.
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5. Increase political commitment and financing. Ensuring adequate diagnosis, treatment, and
management for drug-susceptible TB.

The relationship between socio-economic conditions and TB is well known (ref).>®
Recently, in evaluating the potential impact of the End TB Strategy, a modelling study has shown
that reducing extreme poverty and expanding social protection can reduce the TB incidence by
84.3% (ref).100-102
An important aspect of political commitment deserving further discussion is the legal framework,
and in particular its effect on TB control. Although WHO recommend reduction of unnecessary
hospital admission and a shift towards home-care management in view of the economic, patient-
related and infection control implications, this cannot be done if the health system refunds is based
on hospital-bed occupancy (as common if former Soviet Union countries).
In several of these countries, for example, the hospital stay is a standard of care for the intensive
phase of treatment (in MDR-TB case it can be higher than 200 days) with associated costs ranging
from US$ 2935 (Uzbekistan) to US$ 64,250 (Latvia) (ref).>®
Clearly such an approach prevents these recommendations to be applied.03104
Armenia recently piloted a change in the refund approach, opening the door to an out-patient driven
approach (ref).1%®
Clearly political commitment is necessary to support all the above-mentioned actions, from
adoption of updated guidelines to implementation of adequate infection control measures as well as
quality diagnosis and treatment.

The need for updated definitions

Given the recent change in MDR/RR-TB treatment classification, with rifampicin resistant TB
being treated as MDR-TB and the significant removal of second line injectables promoting a
preferred all oral regimen, the current definitions for MDR-TB and XDR-TB may require updating
(ref).3

Conclusion
Notwithstanding the gradual declines in TB incidence worldwide, MDR-/XDR TB is a growing
threat to global health security.

Recent advances in basic and operational research has led to the development and
implementation of rapid diagnostic methods for MDR-TB, allowing for increased detection and
treatment. New WHO recommendations for use of an all oral, less toxic treatment regimen provides
hope for more patients being enrolled on treatment. Several new drug trials experimenting multiple
combinations of regimens to determine more effective and shorter regimens are ongoing.

Several new technologies are being rolled out and an upscaling of efforts are being made to meet
the programmatic challenges of MDR-TB. Achieving control of MDR-TB will require increased
political commitment, resources, reducing poverty, improving the quality of housing and sanitation,
resolution of conflicts as well as providing minimum levels of free healthcare to all.

Acknowledgements:

Sir Zumla acknowledges support from the PANDORA-ID-NET grant from the EDCTP Reg/Grant
RIA2016E-1609) is funded by the European and Developing

Countries Clinical Trials Partnership (EDCTP2) Programme, which is supported under Horizon
2020, the European Union’s Framework Programme for Research and Innovation. A.

Zumla is in receipt of a National Institutes of Health Research senior investigator award

References

12



Falzon D, Schinemann HJ, Harausz E, et al. World Health Organization treatment
guidelines for drug-resistant tuberculosis, 2016 update. European Respiratory Journal Mar

2017, 49 (3) 1602308; DOI: 10.1183/13993003.02308-2016

Fregonese F, Ahuja SD, Akkerman OW, et al. Comparison of different treatments for isoniazid-
resistant tuberculosis: an individual patient data meta-analysis. Lancet Respir Med. 2018;6: 265—

275. 10.1016/52213-2600(18)30078-X.

. WHO treatment guidelines for isoniazid-resistant tuberculosis: Supplement to the WHO
treatment guidelines for drug-resistant tuberculosis. Geneva: World Health Organization;

2018. Licence: CC BY-NC-SA 3.0 IGO. Accessed January 15, 2019

Medical Research Council (1948b).Streptomcin treatment of pulmonary tuberculosis: a

Medical Research Council investigation. BMJ 2:769-782.

. Tiberi S, D'Ambrosio L, De Lorenzo S, et al. Tuberculosis elimination, patients' lives and

rational use of new drugs: Revisited. European Respiratory Journal 2016, 47 (2), pp. 664-667.

Global tuberculosis report 2018. Geneva: World Health Organization; 2018. Licence: CC
BY-NC-SA 3.0 IGO. Available on

https://apps.who.int/iris/bitstream/handle/10665/274453/9789241565646-eng.pdf?ua=1 Accessed

January 15% 2019.

“Price of a Pandemic”
https://docs.wixstatic.com/ugd/309c93_2709b6ff47c946fe97b94a72fdfd94e3.pdf?index=true and

www.globaltbcaucus.org. Accessed January 15™ 2019.

13


https://apps.who.int/iris/bitstream/handle/10665/274453/9789241565646-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/274453/9789241565646-eng.pdf?ua=1
https://docs.wixstatic.com/ugd/309c93_2709b6ff47c946fe97b94a72fdfd94e3.pdf?index=true
https://docs.wixstatic.com/ugd/309c93_2709b6ff47c946fe97b94a72fdfd94e3.pdf?index=true
http://www.globaltbcaucus.org/
http://www.globaltbcaucus.org/

8. Sharma A, Hill A, Kurbatova E, et al. Estimating the future burden of multidrug-resistant
and extensively drug-resistant tuberculosis in India, the Philippines, Russia, and South Africa:
a mathematical modelling study. The Lancet Infectious Diseases, 2017; DOI: 10.1016/S1473-

3099(17)30247-5

9. Handbook on TB laboratory diagnostic methods for the European Union. Stockholm:
ECDC: European Centre for Disease Prevention and Control; 2016 Available from:
http://ecdc.europa.eu/en/publications/publications/tuberculosis-laboratory- diagnostic-

methods-eu.pdf, accessed April 4th, 2019.

10. Use of liquid TB culture and drug susceptibility testing in low- and medium- income
settings. Summary report of the Expert Group Meeting on the use of liquid culture media.
Geneva: World Health Organization; 2007. Available from: http://
www.who.int/tb/laboratory/use_of liquid_tb_culture_summary_report.pdf, accessed April

4th, 2019.

11. Policy guidance on drug-susceptibility testing (DST) of second-line antituberculosis drugs.
Geneva: World Health Organization: The STOP
TB department; 2008 WHO/HTM/TB/2008.392; Available from: http://www.who.int/th/

publications/2008/who_htm_tb 2008 392.pdf, accessed April 4th, 2019.

12. Algorithm for laboratory diagnosis and treatment-monitoring of pulmonary tuberculosis and

drug-resistant tuberculosis using state-of-the-art rapid molecular diagnostic technologies

14


http://dx.doi.org/10.1016/S1473-3099(17)30247-5
http://dx.doi.org/10.1016/S1473-3099(17)30247-5
http://dx.doi.org/10.1016/S1473-3099(17)30247-5
http://dx.doi.org/10.1016/S1473-3099(17)30247-5

13.

14.

15.

16.

17.

Expert opinion of the European Tuberculosis Laboratory Initiative core group members for
the WHO European Region. World Health Organization, 2017. ISBN 978 92 890 5237 5.
Available from: http://www.euro.who.int/__data/assets/pdf_file/0006/333960/ELI-Algorithm.pdf.

Accessed April 41, 2019.

Automated real-time nucleic acid amplification technology for rapid and simultaneous
detection of tuberculosis and rifampicin resistance: Xpert MTB/RIF assay for the diagnosis
of pulmonary and extra- pulmonary TB in adults and children. Policy update. Geneva,
World Health Organization, 2011. World Health Organization. ISBN: 978 92 4 150633 5.
Available at:

https://apps.who.int/iris/bitstream/handle/10665/112472/9789241506335_eng.pdf?sequence=1

Accessed April 51, 2019.

The use of molecular line probe assays for the detection of resistance to second-line anti-
tuberculosis drugs: Policy guidance. Geneva: World Health Organization; 2016
WHO/HTM/TB/2016.07; Available at: http://apps.who.int/iris/bitstr

eam/10665/246131/1/9789241510561-eng.pdf, Accessed April 5, 2019.

Cabibbe AM, Walker TM, Niemann S, et al. Whole genome sequencing of Mycobacterium

tuberculosis. Eur Respir J 2018; 52: 1801163.

Falzon D, Jaramillo E, Schiinemann HJ, et al. WHO guidelines for the programmatic

management of drug-resistant tuberculosis: 2011 update. Eur Respir J 2011;38:516-28.

10.1183/09031936.00073611

15


http://www.euro.who.int/__data/assets/pdf_file/0006/333960/ELI-Algorithm.pdf
https://apps.who.int/iris/bitstream/handle/10665/112472/9789241506335_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/112472/9789241506335_eng.pdf?sequence=1

18. Annex Il1, Flow charts of algorithms for screening and diagnosing tuberculosis (TB) in
adults, with modelled yields and predictive values Systematic Screening for Active
Tuberculosis: Principles and Recommendations. Geneva: World Health Organization; 2013.

Accessed April 51, 2019.

19. WHO consolidated guidelines on drug-resistant tuberculosis treatment. Geneva: World
Health Organization; 2019. Licence: CC BY-NC-SA 3.0 IGO. Available on

https://apps.who.int/iris/bitstream/handle/10665/311389/9789241550529-eng.pdf

20. Tiberi S, Du Plessis N, Walzl G, et al. Tuberculosis: progress and advances in development
of new drugs, treatment regimens, and host-directed therapies. Lancet Infect Dis.

(2018) 18:2183-98. 10.1016/51473-3099(18)30110-5

21. Tiberi S, Scardigli A, Centis R, et al. Classifying new anti-tuberculosis drugs: rationale and

future perspectives. Int J Infect Dis. 2017;56:181-4.

22. Collaborative Group for the Meta-Analysis of Individual Patient Data in MDR-TB
treatment—2017 et al. 2018. Treatment correlates of successful outcomes in pulmonary
multidrug-resistant tuberculosis: an individual patient data meta-analysis. Lancet 392: 821—

834.

23. Van Deun A, Maug AK, Salim MA, Das PK, Sarker MR, Daru P, Rieder HL. Short, highly
effective, and inexpensive standardized treatment of multidrug-resistant tuberculosis. Am J

Respir Crit Care Med. 2010;182(5):684-692. doi: 10.1164/rccm.201001-00770C.

24. WHO: Global Tuberculosis Report 2016. In. Switzerland; 2016.
16


https://www.ncbi.nlm.nih.gov/books/NBK294078/
https://www.ncbi.nlm.nih.gov/books/NBK294078/
https://www.ncbi.nlm.nih.gov/books/NBK294078/
http://www.who.int/publications/guidelines/en/

25. Nunn AJ, Rusen I, Van Deun A, et al. Evaluation of a standardized treatment regimen of
anti-tuberculosis drugs for patients with multi-drug-resistant tuberculosis (STREAM): study
protocol for a randomized controlled trial., Trials, 2014, 15, 1, 353, doi: 10.1186/1745-

6215-15-353.

26. Nunn AJ, Philipps P, Meredith S, et al. A trial of a shorter regimen for rifampin-resistant

tuberculosis. N Engl J Med. 2019; (published online March 13.) DOI:10.1056/NEJMo0al1811867

27. Cambau, E, Viveiros M, Machado D, et al. Revisiting susceptibility testing in MDR-TB
by a standardized quantitative phenotypic assessment in a European multicentre study. J.

Antimicrob. Chemother. 70, 686-696 (2015).

28. Sotgiu G, Tiberi S, D'Ambrosio L, et al. Faster for less: the new “shorter” regimen for
multidrug-resistant tuberculosis. European Respiratory Journal Nov 2016, 48 (5) 1503-

1507; DOI: 10.1183/13993003.01249-2016

29. Caminero JA, Scardigli A, van der Werf T and Tadolini M. Treatment of drug-susceptible
and drug-resistant tuberculosis. In: Migliori GB, Bothamley G, Duarte R and Rendon A.
Tuberculosis. 2018 DOI: 10.1183/2312508X.erm8218. ISBN (electronic): 978-1-84984-

100-9

30. Van Deun A, Chiang CY. Shortened multidrug-resistant tuberculosis regimens overcome
low-level fluoroquinolone resistance. European Respiratory Journal Jun

2017, 49 (6) 1700223; DOI: 10.1183/13993003.00223-2017
17


http://dx.doi.org/10.1056/NEJMoa1811867
http://dx.doi.org/10.1056/NEJMoa1811867
https://books.ersjournals.com/highwire_book/ac/precheck?id=ersbk%3B9781849841009/1/chapter_10&view=body&tizra_redirect=http%3A//reader.ersjournals.com/tuberculosis-9781849841009/166&id_type=pisa&recheck=&book_edition=172330
https://books.ersjournals.com/highwire_book/ac/precheck?id=ersbk%3B9781849841009/1/chapter_10&view=body&tizra_redirect=http%3A//reader.ersjournals.com/tuberculosis-9781849841009/166&id_type=pisa&recheck=&book_edition=172330
https://books.ersjournals.com/highwire_book/ac/precheck?id=ersbk%3B9781849841009/1/chapter_10&view=body&tizra_redirect=http%3A//reader.ersjournals.com/tuberculosis-9781849841009/166&id_type=pisa&recheck=&book_edition=172330
https://books.ersjournals.com/highwire_book/ac/precheck?id=ersbk%3B9781849841009/1/chapter_10&view=body&tizra_redirect=http%3A//reader.ersjournals.com/tuberculosis-9781849841009/166&id_type=pisa&recheck=&book_edition=172330

31.

32.

33.

34.

35.

36.

Heldal E, Van Deun A, Chiang CY et al. Shorter regimens for multidrug-resistant
tuberculosis should also be applicable in Europe. European Respiratory Journal Jun

2017, 49 (6) 1700228; DOI: 10.1183/13993003.00228-2017

van der Werf MJ, Kédmon C, Catchpole M. Shorter regimens for multidrug-resistant
tuberculosis should also be applicable in Europe. European Respiratory Journal Jun

2017, 49 (6) 1700463; DOI: 10.1183/13993003.00463-2017

van der Werf MJ, Hollo V, Kédmon C, et al. Eligibility for shorter treatment of multidrug-
resistant tuberculosis in the European Union. Eur Respir J. 2017;49(3):1601992. Published

2017 Mar 23. doi:10.1183/13993003.01992-2016

Munoz-Torrico M, Salazar MA, de Jests Mohedano Millan M et al. Eligibility for the shorter
regimen for multidrug-resistant tuberculosis in Mexico. European Respiratory Journal Mar

2018, 51 (3) 1702267; DOI: 10.1183/13993003.02267-2017

ERS/ECDC Statement: European Union standards for tuberculosis care, 2017 update.

Migliori GB, Sotgiu G, Rosales Klintz S, et al. European Respiratory Journal May

2018, 51 (5) 1702678; DOI: 10.1183/13993003.02678-2017

Kendall EA, Fojo AT, Dowdy DW. Expected effects of adopting a 9 month regimen for

multidrug-resistant tuberculosis: a population modelling analysis. Lancet Respir Med.

2017;5(3):191-199.

18



37. Sotgiu G, Migliori GB. Effect of the short-course regimen on the global epidemic of
multidrug-resistant tuberculosis. Lancet Respir Med. 2017 Mar;5(3):159-161. doi:

10.1016/S2213-2600(16)30432-5. Epub 2016 Dec 16.

38. Migliori GB, Global Tuberculosis Network (GTN). Evolution of programmatic definitions
used in tuberculosis prevention and care. Clin Infect Dis. 2018 Nov 20. doi:

10.1093/cid/ciy990. [Epub ahead of print]

39. Dooley KE, Chaisson RE. Tuberculosis and diabetes mellitus: convergence of two

epidemics. Lancet Infect Dis 2009; 9:737-46.

40. Jiménez-Corona ME, Cruz-Hervert LP, Garcia-Garcia L, et al. Association of diabetes and

tuberculosis: impact on treatment and post-treatment outcomes. Thorax 2013; 68:214-20.

41. Liu Q, Li W, Xue M, et al. Diabetes mellitus and the risk of multidrug resistant tuberculosis:

a meta-analysis. Sci Rep. 2017;7(1):1090. doi: 10.1038/s41598-017-01213-5.

42. Tegegne BS, Mengesha MM, Teferra AA, et al. Association between diabetes mellitus and

multi-drug-resistant tuberculosis: evidence from a systematic review and meta-analysis. Syst

Rev. 2018;7(1):161. Published 2018 Oct 15. doi:10.1186/s13643-018-0828-0

43. Alffenaar JWC, Tiberi S, Verbeeck RK, et al. Therapeutic Drug Monitoring in Tuberculosis:

Practical Application for Physicians. Clinical Infectious Diseases, Volume 64, Issue 1, 1

January 2017, Pages 104105, https://doi.org/10.1093/cid/ciw677

19


https://doi.org/10.1093/cid/ciw677
https://doi.org/10.1093/cid/ciw677

44,

45.

46.

47.

48.

49,

50.

Hao X, Yao L, Sun H, et al. A cohort study on the outcome of multidrug-resistant

tuberculosis in elderly patients. Zhonghua Jie He He Hu Xi Za Zhi. 2014 Mar;37(3):188-91.

Seto J, Wada T, Suzuki Y, et al. Mycobacterium tuberculosis transmission among elderly

persons, Yamagata Prefecture, Japan, 2009-2015. Emerg Infect Dis. 2017;23(3):448-455.

Coffman J, Chanda-Kapata P, Marais BJ, et al. Tuberculosis among older adults in Zambia:
burden and characteristics among a neglected group. BMC Public Health. 2017;17(1):804.

Published 2017 Oct 12. doi:10.1186/s12889-017-4836-0

Marks SM, Mase SR, Morris SB. Systematic Review, Meta-analysis, and Cost-effectiveness
of Treatment of Latent Tuberculosis to Reduce Progression to Multidrug-Resistant
Tuberculosis. Clinical Infectious Diseases, Volume 64, Issue 12, 15 June 2017, Pages 1670

1677, https://doi.org/10.1093/cid/cix208

Dara M, Sotgiu G, Zaleskis R, et al. Untreatable tuberculosis: is surgery the answer?
European Respiratory Journal Mar 2015, 45 (3) 577-

582; DOI: 10.1183/09031936.00229514

Borisov S.E, L. D'Ambrosio, R. Centis, et al. Outcomes of patients with drug-resistant-
tuberculosis treated with bedaquiline -containing regimens and undergoing adjunctive surgery. J.

Infect. (2018), 10.1016/}.jinf.2018.08.003

Pontali E, Sotgiu G, Tiberi S, et al. Combined treatment of drug-resistant tuberculosis with
bedaquiline and delamanid: a systematic review. European Respiratory Journal Jul

2018, 52 (1) 1800934; DOI: 10.1183/13993003.00934-2018
20


https://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24809709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24809709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24809709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24809709
https://doi.org/10.1093/cid/cix208
https://doi.org/10.1093/cid/cix208
https://doi.org/10.1016/j.jinf.2018.08.003
https://doi.org/10.1016/j.jinf.2018.08.003

51.

52.

53.

54.

55.

56.

Munoz-Torrico M, Cid-Juarez S, Galicia-Amor S, et al. Sequelae assessment and
rehabilitation In: Migliori GB, Bothamley G, Duarte R and Rendon A. Tuberculosis.

018 DOI: 10.1183/2312508X.erm8218. ISBN (electronic): 978-1-84984-100-9

Visca D, Zampogna E, Sotgiu G et al. Pulmonary rehabilitation is effective in patients with

tuberculosis pulmonary sequelae, ERJ 2019 in press

Pontali E, Sotgiu G, Tiberi S, et al. Cardiac safety of bedaquiline: a systematic and critical analysis
of the evidence. European Respiratory Journal 2017 50: 1701462; DOI: 10.1183/13993003.01462-

2017

World Health Organization. WHO best-practice statement on the off-label use of
bedaquiline and delamanid for the treatment of multidrug-resistant tuberculosis.
WHO/HTM/TB/2017.20. Geneva, World Health Organization, 2017. Accessed January 16,"

20109.

Wilkinson RJ, Rohlwink U, Misra UK, et al. Tuberculous meningitis. Nat Rev

Neurol.2017;13(10):581-598. Accessed 28 June 2018. 10.1038/nrneurol.2017.120

Akkerman OW, Odish OF, Bolhuis MS, et al. Pharmacokinetics of bedaquiline in

cerebrospinal fluid and serum in multidrug-resistant tuberculous meningitis. Clin Infect Dis

2016; 62: 523-24.

21



57.

58.

59.

60.

61.

62.

63.

Matteelli A, Centis R, D’ Ambrosio L, et al. WHO strategies for the programmatic management

of drug-resistant tuberculosis, Expert Review of Respiratory Medicine, 2016, 10:9, 991-

1002, DOI: 10.1080/17476348.2016.1199278

Raviglione M. Evolution of the strategies for control and elimination of tuberculosis. In: Migliori
GB, Bothamley G, Duarte R and Rendon A. Tuberculosis.

2018 DOI: 10.1183/2312508X.erm8218. ISBN (electronic): 978-1-84984-100-9

Lonnroth K, Migliori GB, Abubakar 1, et al. Towards tuberculosis elimination: an action

framework for low-incidence countries. Eur Respir J. 2015;45(4):928-52.

Dye C, Williams BG. Criteria for the control of drug-resistant tuberculosis. Proc Natl Acad

Sci USA. 2000;97(14):8180-8185.

Gunther G, van Leth F, Altet N, et al. Beyond multidrug-resistant tuberculosis in Europe: a

TBNET study. Int J Tuberc Lung Dis. 2015;19(12):1524-1527. doi: 10.5588/ijtld.15.0274.

Borisov SE, Dheda K, Enwerem M, et al. Effectiveness and safety of bedaquiline-containing
regimens in the treatment of MDR- and XDR-TB: a multicentre study. Eur Respir

J. 2017;49(5) doi: 10.1183/13993003.00387-2017.

Tiberi S, Pontali E, Tadolini M,et al. Challenging MDR-TB clinical problems- the case for a
new Global TB Consilium supporting the compassionate use of new anti-TB drugs. IntJ
Infect Dis. 2019 Jan 25. pii: S1201-9712(19)30051-7. doi: 10.1016/j.ijid.2019.01.040. [Epub

ahead of print].

22


https://doi.org/10.1080/17476348.2016.1199278
https://books.ersjournals.com/highwire_book/ac/precheck?id=ersbk%3B9781849841009/1/chapter_4&view=body&tizra_redirect=http%3A//reader.ersjournals.com/tuberculosis-9781849841009/50&id_type=pisa&recheck=&book_edition=172330
https://books.ersjournals.com/highwire_book/ac/precheck?id=ersbk%3B9781849841009/1/chapter_4&view=body&tizra_redirect=http%3A//reader.ersjournals.com/tuberculosis-9781849841009/50&id_type=pisa&recheck=&book_edition=172330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tiberi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tiberi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pontali%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pontali%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tadolini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tadolini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/30690212
https://www.ncbi.nlm.nih.gov/pubmed/30690212
https://www.ncbi.nlm.nih.gov/pubmed/30690212
https://www.ncbi.nlm.nih.gov/pubmed/30690212

64.

65.

66.

67.

68.

69.

70.

Falzon D, Gandhi N, Migliori GB, et al. Resistance to fluoroquinolones and second-line
injectable drugs: impact on multidrug-resistant TB outcomes. Eur Respir J. 2013

Jul;42(1):156-68. doi: 10.1183/09031936.00134712. Epub 2012 Oct 25.

Migliori GB, Sotgiu G, Gandhi NR, et al. Drug resistance beyond extensively drug-
resistant tuberculosis: individual patient data meta-analysis. Eur Respir J. 2013

Jul;42(1):169-179. doi: 10.1183/09031936.00136312. Epub 2012 Oct 11.

Ahuja SD, Ashkin D, Avendano M, et al. Multidrug resistant
pulmonary tuberculosis treatment regimens and patient outcomes: an individual patient data

meta-analysis of 9,153 patients. PLoS Med. 2012;9(8):€1001300. Epub 2012 Aug 28.

Schnippel K, Ndjeka N, Maartens G, et al. Effect of bedaquiline on mortality in South African
patients with drug-resistant tuberculosis: a retrospective cohort study. Lancet Respir

Med. 2018 Sep;6(9):699-706. doi: 10.1016/S2213-2600(18)30235-2. Epub 2018 Jul 11.

Olayanju O, Limberis J, Esmail A, et al. Long-term bedaquiline-related treatment outcomes in
patients with extensively drug-resistant tuberculosis from South Africa. Eur Respir J. 2018;51(5):

pii: 1800544. 10.1183/13993003.00544-2018

Borisov SE, D'Ambrosio L, Centis R, et al. Outcomes of patients with drug-resistant-
tuberculosis treated with bedaquiline-containing regimens and undergoing adjunctive surgery.

J Infect. 2019 Jan;78(1):35-39. doi: 10.1016/j.jinf.2018.08.003. Epub 2018 Aug 7.

Tiberi S, Pontali E, Tadolini M' et al. Challenging MDR-TB clinical problems- the case for a

new Global TB Consilium supporting the compassionate use of new anti-TB drugs. IntJ
23


https://www.ncbi.nlm.nih.gov/pubmed/23100499
https://www.ncbi.nlm.nih.gov/pubmed/23100499
https://www.ncbi.nlm.nih.gov/pubmed/23100499
https://www.ncbi.nlm.nih.gov/pubmed/23100499
https://www.ncbi.nlm.nih.gov/pubmed/23060633
https://www.ncbi.nlm.nih.gov/pubmed/23060633
https://www.ncbi.nlm.nih.gov/pubmed/23060633
https://www.ncbi.nlm.nih.gov/pubmed/23060633
https://www.ncbi.nlm.nih.gov/pubmed/22952439
https://www.ncbi.nlm.nih.gov/pubmed/22952439
https://www.ncbi.nlm.nih.gov/pubmed/22952439
https://www.ncbi.nlm.nih.gov/pubmed/22952439
https://www.ncbi.nlm.nih.gov/pubmed/22952439
https://www.ncbi.nlm.nih.gov/pubmed/22952439
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schnippel%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30001994
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schnippel%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30001994
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ndjeka%20N%5BAuthor%5D&cauthor=true&cauthor_uid=30001994
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ndjeka%20N%5BAuthor%5D&cauthor=true&cauthor_uid=30001994
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maartens%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30001994
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maartens%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30001994
https://www.ncbi.nlm.nih.gov/pubmed/30001994
https://www.ncbi.nlm.nih.gov/pubmed/30001994
https://www.ncbi.nlm.nih.gov/pubmed/30001994
https://www.ncbi.nlm.nih.gov/pubmed/30001994
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borisov%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=30096332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borisov%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=30096332
https://www.ncbi.nlm.nih.gov/pubmed/?term=D'Ambrosio%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30096332
https://www.ncbi.nlm.nih.gov/pubmed/?term=D'Ambrosio%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30096332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Centis%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30096332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Centis%20R%5BAuthor%5D&cauthor=true&cauthor_uid=30096332
https://www.ncbi.nlm.nih.gov/pubmed/30096332
https://www.ncbi.nlm.nih.gov/pubmed/30096332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tiberi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tiberi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pontali%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pontali%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tadolini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tadolini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30690212
https://www.ncbi.nlm.nih.gov/pubmed/30690212
https://www.ncbi.nlm.nih.gov/pubmed/30690212
https://www.ncbi.nlm.nih.gov/pubmed/30690212

71.

72.

73.

74.

75.

76.

77,

Infect Dis. 2019 Jan 25. pii: $1201-9712(19)30051-7. doi: 10.1016/j.ijid.2019.01.040. [Epub

ahead of print]

O’Grady J, Maeurer M, Mwabab P, et al. New and improved diagnostics for detection of

drug-resistant pulmonary tuberculosis. Curr Opin Pulm Med. 2011;17:134-141.

O’Grady J, Bates M, Chilukutu L, et al. Evaluation of the Xpert MTB/RIF assay at a
Tertiary Care Referral Hospital in a setting where tuberculosis and HIV infection are highly

endemic. Clin Infect Dis. 2012;55:1171-1178.

Pai M, Schito M. Tuberculosis diagnostics in 2015: landscape, priorities, needs, and

prospects. J Infect Dis. 2015;211(suppl2):S21-S28.

Catanzaro A, Rodwell TC, Catanzaro DG, et al. Performance comparison of three rapid tests

for the diagnosis of drug-resistant tuberculosis. PLoS One. 2015;10(8):e0136861.

Weyer K, Mirzayev F, Migliori GB, et al. Rapid molecular TB diagnosis: evidence, policy

making and global implementation of Xpert MTB/RIF. Eur Respir J. 2013;42(1):252-271.

Cox H, Dickson-Hall L, Ndjeka N, et al. Delays and loss to follow-up before treatment of
drug-resistant tuberculosis following implementation of Xpert MTB/RIF in South Africa: A
retrospective cohort study. PLOS Med. 2017;14(2):e1002238. doi:

10.1371/journal.pmed.1002238.

Diacon AH, Pym A, Grobusch M, et al. The diarylquinoline TMC207 for multidrug-

resistant tuberculosis. N Engl J Med. 2009;360:2397-2405.
24


https://www.ncbi.nlm.nih.gov/pubmed/30690212
https://www.ncbi.nlm.nih.gov/pubmed/30690212

78.

79.

80.

81.

82.

83.

Diacon AH, Donald PR, Pym A, et al. Randomized pilot trial of eight weeks of bedaquiline
(TMC207) treatment for multidrug-resistant tuberculosis: long-term outcome, tolerability,
and effect on emergence of drug resistance. Antimicrob Agents Chemother. 2012;56:3271—

3276.

Migliori GB, Pontali E, Sotgiu G, et al. Combined Use of Delamanid and Bedaquiline to Treat
Multidrug-Resistant and Extensively Drug-Resistant Tuberculosis: A Systematic Review. Int J Mol

Sci. 2017;18(2). Epub 2017/02/09. doi: 10.3390/ijms18020341.

Pontali E, Sotgiu G, D'Ambrosio L, et al. Bedaquiline and multidrug-resistant tuberculosis a
systematic and critical analysis of the evidence. Eur Respir J. 2016;47(2):394-402. doi:

10.1183/13993003.01891-2015.

Pontali E, D'’Ambrosio L, Centis R, et al. Multidrug-resistant tuberculosis and beyond: an
updated analysis of the current evidence on bedaquiline. Eur Respir J. 2017;49(3) doi:

10.1183/13993003.00146-2017.

Pontali E, Sotgiu G, Tiberi S, et al. Cardiac safety of bedaquiline: a systematic and critical

analysis of the evidence. Eur Respir J. 2017;50(5) doi: 10.1183/13993003.01462-2017.

Tadolini M, Lingtsang RD, Tiberi S, et al. First case of extensively drug-resistant tuberculosis
treated with both delamanid and bedaquiline. Eur Respir J. 2016;48(3):935-938. doi:

10.1183/13993003.00637-2016.

25


https://doi.org/10.3390/ijms18020341
https://doi.org/10.3390/ijms18020341

84.

85.

86.

87.

88.

89.

Maryandyshev A, Pontali E, Tiberi S, et al. Bedaquiline and Delamanid Combination Treatment of 5
Patients with Pulmonary Extensively Drug-Resistant Tuberculosis. Emerg Infect Dis. 2017;23(10)

doi: 10.3201/eid2310.170834.

Ferlazzo G, Mohr E, Laxmeshwar C, et al. Early safety and efficacy of the combination of
bedaquiline and delamanid for the treatment of patients with drug-resistant tuberculosis in
Armenia, India, and South Africa: a retrospective cohort study. Lancet Infect

Dis. 2018; (published online Feb 13) http://dx.doi.org/10.1016/S1473-3099(18)30100-2

Tadolini M, Tiberi S, Migliori GB. Combining bedaquiline and delamanid to treat multidrug-
resistant tuberculosis. Lancet Infect Dis. 2018 May;18(5):480-481. doi: 10.1016/S1473-

3099(18)30106-3. Epub 2018 Feb 13.

Sotgiu G, Pontali E, Migliori GB. Linezolid to treat MDR-/XDR-tuberculosis available
evidence and future scenarios. Eur Respir J. 2015;45(1):25-29. doi:

10.1183/09031936.00145014.

Sotgiu G, Centis R, D’ Ambrosio L, et al. Efficacy, safety and tolerability of linezolid
containing regimens in treating MDR- TB and XDR-TB: systematic review and meta-

analysis. Eur Respir J. 2012;40:1430-1442. doi: 10.1183/09031936.00022912.

Dalcolmo M, Gayoso R, Sotgiu G, et al. Effectiveness and safety of clofazimine in

multidrug-resistant tuberculosis: a nationwide report from Brazil. Eur Respir J. 2017;49(3)

doi: 10.1183/13993003.02445-2016

26


http://dx.doi.org/10.1016/S1473-3099(18)30100-2
http://dx.doi.org/10.1016/S1473-3099(18)30100-2
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tadolini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29452940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tadolini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29452940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tiberi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29452940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tiberi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29452940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Migliori%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=29452940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Migliori%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=29452940
https://www.ncbi.nlm.nih.gov/pubmed/29452940
https://www.ncbi.nlm.nih.gov/pubmed/29452940

90.

91.

92.

93.

94.

95.

Tiberi S, Sotgiu G, D'’Ambrosio L, et al. Comparison of effectiveness and safety of
imipenem/clavulanate- versus meropenem/clavulanate-containing regimens in the treatment
of MDR- and XDR-TB. Eur Respir J. 2016;47(6):1758-1766. doi:

10.1183/13993003.00214-2016.

Tiberi S, Payen MC, Sotgiu G, et al. Effectiveness and safety of meropenem/clavulanate-
containing regimens in the treatment of MDR- and XDR-TB. Eur Respir

J. 2016;47(4):1235-1243. doi: 10.1183/13993003.02146-2015.

Tiberi S, D'Ambrosio L, De Lorenzo S, et al. Ertapenem in the treatment of multidrug-
resistant tuberculosis first clinical experience. Eur Respir J. 2016;47(1):333-336. doi:

10.1183/13993003.01278-2015.

Surveillance of adverse events with bedaquiline and delamanid: a global feasibility study.
The members of the International Study Group on new anti-tuberculosis drugs and adverse

events monitoring. International Journal of Infectious Diseases, 1J1D-D-19-00365. In press.

World Health Organization.WHO policy on infection control in healthcare facilities,

congregate settings and households. WHO/HTM/TB/2009.419. Geneva (Switzerland):

World Health Organization; 2009. Accessed January 20, 2019

Sotgiu G, D’Ambrosio L, Centis R, et al. TB and M/XDR-TB infection control in European

TB reference centres: the Achilles’ heel? Eur Respir J. 2011;38:1221-1223.

27



96. Migliori GB, Sotgiu G, D’ Ambrosio L, et al. TB and MDR/XDR-TB in European Union
and European Economic Area countries: managed or mismanaged? Eur Respir J.

2012;39(3):619-625.

97. Sotgiu G, Centis R, D’ambrosio L, et al. Development of a standardised tool to survey

MDR-/XDR-TB case management in Europe. Eur Respir J. 2010;36(1):208-211.

98. ERS/ECDC updated European Union standards of tuberculosis care. van der Werf M.

Abstract 5326. European Respiratory Society Congress 2018 Paris.

99. WHO guidelines on tuberculosis infection prevention and control, 2019 update, Geneva:
World Health Organization; 2019. License: CC BY-NC-SA 3.0 IGO. Available at:
https://apps.who.int/iris/bitstream/handle/10665/311259/9789241550512-

eng.pdf?ua=1&ua=1. Accessed April 5", 2019

100. Nardell E and Volchenkov G.Transmission control: a refocused approach. In:
Migliori GB, Bothamley G, Duarte R and Rendon A. Tuberculosis.

2018 DOI: 10.1183/2312508X.erm8218. ISBN (electronic): 978-1-84984-100-9

101. Carter DJ, Glaziou P, Lonnroth K, et al. The impact of social protection and poverty
elimination on global tuberculosis incidence: a statistical modelling analysis of Sustainable
Development Goal 1. Lancet Glob Health. 2018; (published online March 23.)

http://dx.doi.org/10.1016/S2214-109X(18)30195-5

102. Migliori GB, Garcia-Basteiro AL. Predicting the effect of improved socioeconomic

health determinants on the tuberculosis epidemic. Lancet Glob Health 2018; 6: e475—476.

28


https://apps.who.int/iris/bitstream/handle/10665/311259/9789241550512-eng.pdf?ua=1&ua=1
https://apps.who.int/iris/bitstream/handle/10665/311259/9789241550512-eng.pdf?ua=1&ua=1
https://apps.who.int/iris/bitstream/handle/10665/311259/9789241550512-eng.pdf?ua=1&ua=1
https://apps.who.int/iris/bitstream/handle/10665/311259/9789241550512-eng.pdf?ua=1&ua=1
http://dx.doi.org/10.1016/S2214-109X(18)30195-5
http://dx.doi.org/10.1016/S2214-109X(18)30195-5

103. Matteelli A, Rendon A, Tiberi S, et al. Tuberculosis elimination: where are we now?

European Respiratory Review Jun 2018, 27 (148) 180035; DOI: 10.1183/16000617.0035-2018

104. Davtyan K, Hayrapetyan A, Dara M, et al. Key role of tuberculosis services funding

mechanisms in tuberculosis control and elimination. Eur Respir J. 2015;45(1):289-291.

105. Gillini L, Davtyan K, Davtyan H, et al. TB financing in East Europe promotes

unnecessary hospital admissions: the case of Armenia. J Infect Dev Ctries. 2013;7(3):289—

292.

Group A: levofloxacin OR Lfx
Include all three medicines moxifloxacin Mfx
bedaquiline®? Bdqg
linezolid* Lzd
Group B: clofazimine Cfz
Add one or both medicines cycloserine OR Cs
terizidone Trd
Group C: ethambutol E
Add to complete the regimen and when - 35
medicines from Groups A and B cannot be used delamanid Dim
pyrazinamide® z
imipenem—cilastatin OR Ipm—Cln
meropenem’ Mpm
amikacin Am
(OR streptomycin)® (S)
ethionamide OR Eto
prothionamide® Pto
p-aminosalicylic acid® PAS

Table 1: New WHO drug classification for MDR-TB regimens. WHO MDR-TB guidelines

2019.8
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Table 2: Interventions to prevent drug-resistant TB (Ref: WHO Companion handbook for
rogrammatic management of DR-TB)

There are five principal ways to prevent drug-resistant TB:

1. Early detection and high-quality treatment of drug-susceptible TB.

2. Early detection and high-quality treatment of drug-resistant TB.

3. Effective implementation of infection control measures.

4. Strengthening and regulation of health systems.

5. Addressing underlying risk factors and social determinants

B

Cambodia®
Sierra Leone?

Bangladesh Brazil
DPR Korea Central African Republic®
Pakistan Congo®
Philippines Lesotho®
Russian Federation Angola Liberia®
Azerbaijan Viet Nam China Namibia®
Belarus DR Congo UR Tanzania Botswana
Kazakhstan Etlfrl,lgigla Zambia® Cameroon
Kyrgyzstan : Chad
g l"gggs:'a Eé\;]vatini
Republic of Moldova : ~Ghana
Somalia M&zyzr:rl::g:le Guinea-Bissau
Tajikistan Nigeria Malawi
Ukraine Papua New Guinea® Uganda
Uzbekistan South Africa
Thailand
Zimbabwe®

MDR-TB TB/HIV

? Indicates countries that are included in the list of 30 high TB burden countries on the basis of the severity of their TB burden (i.e. TB incident cases per
100 000 population per year). as opposed to the top 20. which are included on the basis of their absolute number of incident cases per year. Also see

Table 2.4.

Figure 1: In 2015 WHO defined three High burden country (HBC) lists for the period 2016-2020:
one for TB, one for MDR-TB and one for TB/HIV, the figure above demonstrates overlap of these

lists. Courtesy of WHO TB Report 2018.1
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Figure 2: WHO map with the estimated incidence of MR/RR TB in 2017. Courtesy of WHO TB
Report 2018.1
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Figure 3: Computer Tomography scan of a 35-year-old man with a destroyed right lung from
Tuberculosis.

C:2048.0, W: 4096.0
C=2048.0, W=4096.0 1/2
S: 152

03/11/2016, 12:00:08

Figure 4: Chest x-ray of a 20-year-old man Ii\/ihg with HIV presenting with miliary changes,
mycobacterial blood cultures isolated Mycobacterium tuberculosis.
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Figure 5: Computer Tomography scan of chest of a 40-year-old man multinodular — tree in bu
appearance in both lung fields, the patient was positive for acid fast bacilli on sputum smear
microscopy examination.

33



Screen A: interview
e Any TB symptoms?

e HIV status?

HIV-positive: Any TB symptom No TB symptom and no known
see Guidelines for intensified tuberculosis and no known HIV infection
case-finding and isoniazid preventive HIV infection
therapy for people living with HIV in | v Nl NV
resource-constrained settings Prevalence PTP cough
‘1’-;% ;-i:: 0.5% 99.8%
i Negative screen: 1% 99.7%
: no further action 2% 99.3%
Screen B: CXR
/\ 1 Prevalence NPV cough
Positive CXR Negative CXR lasting >2 weeks
0.5% 2.4% but negative CXR
1% 4.7% v 0.5% 99.8% |
2% 9.1% Xp 1% 99.6%
2% 99.1%
v
Xp positive for TB Xp negative
CD=clinical diagnosis v v
CXR=chest X-ray e StartTB e Consider further
DST=drug-susceptibility testing treatment diagnostic test
NPV=negative predictive value for TB if NPV is
PPV=positive predictive value e Consider low and clinical
PTP=pretest probability additional test suspicion is high
SSM=sputum-smear microscopy if PPV is low and
Xo Xpert MTR/RIF clinical e Consider other
suspicion is low diagnoses
e Consider DST

| 05% | 99.8%
\ 1% | 99.6%
L 2% 90% L 2% | 99.2%
Prevalence % true cases  Proportion % true cases PPV Xp plus CD
detected by  of negative detected after
Xp only Xp that go Xp plus CD
to CD
0.5% 64% 5% 64% 64%
1% 64% 5% 64% 78%
2% 64% 10% 64% 85%

Figure 6: Diagnostic algorithm incorporating use of GeneXpert. Courtesy of Systematic Screening
for Active Tuberculosis: Principles and Recommendations. Geneva: World Health Organization;
2013.Y7
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Diversification of sputum-based testing and drug susceptibility testing (DST)
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DISCLAIMER: Images & time estimates are to be taken as indicative only.

Flgure 7: Diagnostic landscape for sputum-based testing methods for Mycobacterium tuberculosis
detection and susceptibility determination. Courtesy of FIND Diagnostics Geneva.

B‘i Vision for TB diagnostic in 2020 - in 3 years!!

Dedicated unit Reference level/
Level 1/Level 2 Level 3

Comprehensive DST to cover
the extended portfolio of old
and new drugs

Figure 8: Vision for a diagnostic cascade for Mycobacterium tuberculosis detection and
susceptibility determination. Courtesy of FIND Diagnostics Geneva.

35



MDR-TB caseload (notified cases)
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# Limited to countries with at least 20 patients on second-line treatment in 2017.

Figure 9: Estimated cost per patient to treat MDR-TB in 85 countries. Courtesy of WHO. WHO TB

Report 2018.°
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